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Hydronephrosis
By C. J. A. WOODSIDE, M.B., F.R.C.S.I.,
Royal Victoria Hospital, Belfast
Hydronephrosis means dilation of the pelvis of the kidney by urine which has
accumulated, because of obstruction of the urinary tract at some point distal
to the pelvis, most commonly the pelvi-ureteral junction.
If the obstruction be at a lower level, the ureter becomes dilated first, and
the kidney is involved later. Occasionally the obstruction is confined to one or
more of the minor calyces.
Formerly it was considered that either intermittent or gradually increasing
obstruction was required to produce this condition, and that sudden complete
obstruction led to anuria and atrophy, but Hinman and others have shown by
animal experiment that complete obstruction is followed much more frequently
by hydronephrosis than by primary atrophy.
The increased intrapelvic pressure is in turn transmitted to the renal tubules,
which dilate and press upon the adjacent veins, thus impeding the circulation
and accelerating the process of atrophy of the parenchyma. Indeed, experiments
have shown that ischaemia is more important in the causation of atrophy than
back-pressure on the tubules.
At first the tubules in the peripheral portion are compressed, and here also
pressure on veins exercises a damaging influence on blood-supply. The glomeruli
appear not to become dilated, but to undergo fibrous atrophy.
Nevertheless the kidney continues to function for long periods even when
there is only a thin shell of renal tissue left-otherwise, of course, the sac
would cease to increase in size.
This has an important bearing on treatment, and constitutes a strong argument
for conservative surgery rather than nephrectomy of these damaged organs.
In early cases function can improve enormously if the obstructive factor be
removed, and in late cases the process can at least be arrested, and the individual
left with some active renal tissue.
Under normal circumstances the pressure in pelvis and ureters is nil, and in
experimental animals it is found that a rise of 10 mms. of mercury leads to a
diminished output of urine which ceases altogether when the pressure rises to
20-30 mms. Probably for this reason the hydronephrosis produced by complete
obstruction becomes stationary in size when this pressure is reached. Normally,
however, in the human, hydronephrosis is not (except as an accidental event)
produced by complete but by partial obstruction, so urine continues to be filtered
through but much less concentrated and of lower specific gravity than on the
normal side. Duncan Morison has shewn that in hydronephrotic sacs, colloids,
solutions, and dyes introduced are reabsorbed through the tubules and lymphatics.
An additional factor influencing the output of urine is the fact that there is
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voluted tubules, which are under different nervous controls.
Winton and others have demonstrated that perfusion of weak adrenalin solu-
tion causes dilatation of the afferent and constriction of the efferent arterioles,
with a consequent increased flow of urine, and that higher concentrations of
adrenalin had the reverse effect.
Weak stimulation of the nerves of the pedicle or section acts similarly to
weak adrenalin, and stronger stimulation to strong adrenalin solutions. No
doubt these factors have an important influence on urinary output in hydrone-
phrosis, since the majority of cases apparently depend on over-action of the
sympathetic, as will be discussed later.
The causes of hydronephrosis, as found clinically, may be classified as
mechanical obstructions and obstructions due to intrinsic neuro-muscular dis-
orders.
Any blockage of the urinary tract, either of the lumen by stone, tumour,
valves, etc., of the wall by atresia or stricture, or pressure from without by
neoplasm, aneurysm, etc., is liable to lead to dilatation of the urinary tract proxi-
mal to it. Both kidneys will be involved if this occurs in bladder or urethra, or
affects both ureters. Enlargement of the prostrate is a familiar example of this
occurrence. One kidney will be affected if a single ureter is implicated.
I do not propose to discuss this group of causes, as treatment has to be directed
to the primary condition, relief of which may be expected to arrest the progress
of the hydronephrosis, unless infection has supervened or the presence of a
tumour demands nephrectomy.
There remain, however, a number of cases in which the obstruction is ascribed
to local conditions, e.g., bands, adhesions, ptosis, and aberrant vessels. Apart
from ptosis, these conditions are only likely to be discovered by exposure of
the kidney. Considerable doubt now exists about the direct obstructive effect
of these factors. The ureter is a relatively thick-walled tube, and there is con-
siderable laxity of its surrounding tissues. Experimentally it has proved very
difficult to produce obstruction unless an acute and fixed kink is made. In actual
fact one sees many pyelograms showing ureteral kinks without any increase in
size of the proximal ureter and pelvis. Marked ptosis is frequently encountered
without any evidence of hydronephrosis, and when these co-exist it must be
remembered that the increased weight and size of a hydronephrotic kidney is
itself conducive to ptosis. Aberrant vessels are certainly found very often in
conjunction with hydronephrosis, but quite often do not coincide with the point
of narrowing, but stretch across the distended sac at a higher level. It is indeed
difficult to believe that an artery passing either in front of or behind the ureter
could do more than push it aside, unless it could compress it against an unyield-
ing counter-force. Nevertheless, the existence of these vessels in so many cases
cannot be disregarded, and Quinby postulates that the pulsation of the artery
acts as a stimulus and upsets the normal peristaltic rhythm.
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and that this is comparable to achalasia of the lower end of the cesophagus.
This point is the site of a sphincter action, although no true sphincter can be
demonstrated histologically; observation of a number of cases of hydronephrosis
in which the constriction can be seen, yet in which no resistance is offered to
the passage of a ureteral catheter from below, confirms this opinion.
Radiographic observations also support this view, and French observers claim
that by serial radiograms taken during the excretion of uroselectan, similar
sphincter action exists at the proximal and distal ends of the stems of the minor
calyces. Certainly in pyelograms showing various degrees of pelvic dilatation, one
notes that the dilatation does not reach the infundibula or give rise to the char-
acteristic clubbing in place of the normal cup-shaped appearance until an
advanced stage. Occasionally one sees clubbing of the infundibula with still
narrow stems suggesting a local achalasia.
The nerve-supply of the kidney from renal plexus and splanchnic nerves via
the semi-lunar and first lumbar ganglia, reaches it almost entirely along the
arterial walls in the pedicle and even in the vessel walls. The results of section
of these nerves by sympathectomy in relieving early cases of uncomplicated
hydronephrosis and associated pain confirms the existence of achalasia. Few if
any vagal fibres reach the kidney-Dambrin denies their existence, and vaso-
constrictor fibres greatly exceed vaso-dilator; the former group act as sphincter
constrictors. On the other hand, any interference with the ureter may damage
its intrinsic nerve-supply and result in its dilatation; although various observers
disagree about the existence of intrinsic ganglia, Caporali's experimental work
seems to prove their undoubted existence.
I have analysed the findings in the seventy-one cases of hydroneplirosis admitted
to the wards of the Royal Victoria Hospital in the years 1925-1936 inclusive.
Forty-seven of these were operated on, and in these the exact condition present
can be stated.
I have described as -achalasia those cases where no other possible obstructive
factor was present. I have not included in this series cases where renal or
ureteral calculi were known to be present before operation, as in these treatment
was concerned with the stone, and hydronephrosis was a secondary effect. The
one case in which a stone was found was only diagnosed at operation.
Condition found. Number. Per cent. Nature of operation.
Achalasia - - - - 20 42.5 Nephrectomy 11, Sympathectomy
7, Explored 2.
Aberrant vessels alone - 11 23.4 Nephrectomy 7, vessel tied 4.
Aberrant vessels combined
(a) kinks and bands - 1 2.1 Nephropexy and vessel tied 1. (a) kinks and bands 1 2.1 Bands divided.
(b) kink of ureter - - 1 2.1 Vessel ligated.
(c) horseshoe kidney - 1 2.1 Nephrectomy.
Hydro-ureter and hydrone-
phrosis - - - - 3 6.3 Nephrectomy.
Strictures (1 doubtful) - 3 6.3 Nephrectomy.
Double ureters - - - 2 4.2 Nephrectomy.
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Bands - - - 1 2.1 Division of bands.
Kink and Stricture 1 2.1 Nephrectomy.
Inflammation of pyramids - 1 2.1 Nephrectomy.
Stone- - - 1 2.1 Nephrectomy.
If we accept the view that aberrant vessels act by initiating achalasia and the
hydro-ureter group as a similar condition involving the uretero-vesical junction,
thirty-four cases at least come into this category.
In the present series there were forty-two women and twenty-nine men.
In forty-six cases the right kidney was involved alone, in nineteen the left.
The condition was double in five, in one case the side was not stated. The
duration of symptoms ranged from three hours to twenty years. The average
age was 34 years, the youngest 13, and the oldest 65.
I have tabulated the symptoms in their order of frequency.
Number. Per cent.
Pain - - - - 63 88.7
Vomiting - - - - 17 23.9 In one case the only symptom.
Frequency - - - - 15 21.1
Swelling - - - - - 9 12.6
Haematuria - - - - 8 11.1 In three cases it was the only
symptom, and in one there was
frequency and haematuria only.
Dysuria - - - - - 5 7.0
Oliguria - - - - - 5 7.0
Shivering - - - - 3 4.2
Polyuria - - - - - 2 2.8
No history - - - - 2 2.8
Anuria - - - - - 1 1.4
The pain is described variously as aching, dragging, burning, dull, often
crampy, and severe during attacks. Almost twice as many had intermittent as
had constant pain, often months or years intervened between the attacks. In
the vast majority, pain was in the costo-vertebral angle, but sometimes was felt
at a lower level or in the back, and in a few was described as abdominal.
About one-third had no radiation, the remainder complained of radiation most
commonly to the back or downwards to groin, thigh, and abdomen. Only eight
specified radiation to external genitals. In one case the shoulder was implicated.
About twenty per cent. found the pain relieved by rest and aggravated by
exertion; in a few heat gave some relief, and a small number required morphia
during attacks.
Pain probably depends on distension, peristalsis, and the dragging of the
enlarged kidney, but there seemed to be no constant relation between the size
of the hydronephrosis and the pain; probably the patient's threshold for painful
stimuli is the determining factor in many cases. Presumably during attacks
there is a temporary increase in tension.
Vomiting seems to be a reflex phenomenon occurring during these attacks, but
no doubt in some cases there is pressure on duodenum, stomach, etc. The one
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the colon, but no antecedent symptoms until a week before operation.
Frequency might be expected to be associated with infection, but in only four
of the seventeen who had this symptom was any evidence of infection present,
and in none was it severe.
It also must be regarded as a reflex due to transmission of increased peristalsis
to the bladder.
In nine cases the patients themselves noted the enlarged kidney, and in the
six of these submitted to operation a large sac was found. In one the swelling
disappeared with rest.
Dysuria was noted in five cases, and two of these had evidence of infection,
in two this was definitely absent, and in the remaining case was not recorded.
Apart from co-existing cystitis, it is an uncommon symptom, as might be
expected.
Oliguria occurred in five cases and anuria in one, the last a woman of 65
with a right-sided hydronephrosis-cedema and redness of the ureteral orifice was
noted, but she was not considered fit for operation. Probably as in calculi, it
is reflex, and due to congestion of the kidneys, as Winton has pointed out in
experiments.
Shivering attacks occurred thrice; one had a definite cystitis, one an extremely
large sac probably slightly infected. No infection could be found in the third.
Polyuria was. only present in two cases, in one of which it alternated with
oliguria-a large hydronephrosis was found at operation. There seems to be
little evidence that the sac empties periodically, as was once thought.
Haematuria was recorded in eight cases, in three being the only symptom,
and in two others combined only with frequency. Unfortunately, only one of
these submitted to operation, so it is impossible to exclude the co-existence of
some local reason beyond the obstruction. In the one case in which the kidney
was explored, no cause was found for either the hydronephrosis or the bleeding.
It may be the result of chronic congestion or a low-grade chronic nephritis.
In one personal case of unilateral haematuria I found the kidney outwardly
normal, but an aberrant artery present, ligature of this resulted in temporary
cessation of bleeding, but it recurred and necessitated nephrectomy; histologically
the glomeruli showed hyaline degeneration and catarrhal inflammation. It is
thus difficult to assess the connection of hkematuria with hydronephrosis unless
the kidney is removed and sectioned.
Local signs are often absent, the enlarged kidney only being palpable in fifteen,
and tenderness in eleven. In three cases with a palpable mass the diagnosis
was only made at operation, pancreatic cysts or tumours being suspected. In
one case with tenderness, cholecystitis was diagnosed, but hydronephrosis dis-
covered. It seems probable that only those with a very large sac, a thin abdomen,
or a ptosed kidney can be easily felt. One or other of these factors was present
in the cases presenting a palpable mass or kidney.
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will show the dilated pelvis in most cases, but in advanced examples no filling
may be seen on the affected side; a retrograde pyelography is then necessary.
Uroselectan was not used in this series until 1932, being a new drug.
In seven cases diagnosis was based on uroselectan pyelography alone, in three
of these the side involved failed to give a shadow-all being relatively large sacs.
In six cases both uroselectan and retrograde pyelography were used. In one
a double hydronephrosis was present, and no shadow was shown on the urose-
lectan films. In another case the catheter would not pass on one side; here
uroselectan gave the diagnosis of a double lesion.
These methods are essentially complementary, uroselectan providing a good
test of -excretory and dynamic function, but if these are defective, may fail to
give a clear outline of the pelvis or even to show a shadow. Cystoscopy tells
us of the condition of the bladder, the presence or absence of infection, confirms
functional activity, and retrograde pyelography when feasible supplies a clear
outline of pelvis and calyces.
In forty-six of the remaining cases cysto-scopy was carried out, and in thirty-
six of these a retrograde pyelogram provided the diagnosis. Diuresis was noted
in nineteen cases. It is certainly much commoner than this, but obtaining suffi-
cient urine from the two sides for specific gravity often involves a long wait.
Occasionally no specimen can be obtained from one or other side for various
reasons. Of the ten cases cystoscoped but in which no pyelogram was done,
seven were operated on, four because a ureteral catheter would not pass on the
suspected side. These were in pre-uroselectan days. In one case blood was
coming from the ureter, and in one diuresis and the presence of a tumour satisfied
diagnostic requirements. In one there was no report on the ureteral specimens.
The three not operated on had diuresis.
Infection was surprisingly uncommon. In only nine cases was there any
evidence of it, and in no case was it more than slight. In only four were B. Coli
cultured, the remaining five had minor degrees of cystitis. This seems to be
quite against the view at one time held by Winsbury White that infection result-
ing in fibrotic changes in pelvis and pelvi-ureteral junction was an important
causative factor. It is not surprising that some degree of infection should
develop when stasis is present, but it is certainly unusual for those with known
pyelitis to develop hydronephrosis.
Apart from those with infection or haematuria, albuminuria is only recorded
once, and it cannot be too strongly emphasised that a normal urine is no guide
to the presence or absence of hydronephrosis.
Before considering the operations actually performed in this series, it must
be stressed that hydronephrosis is far commoner than these figures of in-patients
would suggest. A great many cases of minor degrees are encountered, and until
recent years nephrectomy or exploration was the only treatment that could be
offered. The patient, unless pain had become frequent or severe, naturally was
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the removal of an organ often with fairly satisfactory function. Yet the condi-
tion is insidious, and gradually in most cases the kidney is destroyed.
An analysis of the operations performed in this series is as follows. There
was no mortality.
Nephrectomy - - - - 30 Sympathectomy - - - - - 7
Aberrant vessels tied 3 Exploration - - - - - 2
+ kinks - - - - 1 Bands divided - - - - - 1
+ bands - - - - 1 Nephropexy-1
+ nephropexy 1
Obviously the results of nephrectomy for a unilateral lesion must be satis-
factory in relieving symptoms produced thereby, but a single kidney is left to
carry on. This it does quite adequately in health, but an individual with one
kidney is undoubtedly at a disadvantage should trauma or disease beset him.
The tying of aberrant vessels, relieving kinks and bands, or performing a
nephropexy, may give relief from symptoms, but in the light of present know-
ledge are not likely to arrest progress of the hydronephrosis.
Sympathectomy, although first performed in the human by Papin sixteen years
ago, has naturally been on trial, but the results as described by Kimbrough in
America and others are so promising that it must by now be accorded an
important place in the treatment of hydronephrosis. It offers the alternative
of conservative a-s opposed to radical surgery, with the advantages previously
referred to. It is true, as Kimbrough has emphasised, that in the larger sacs
it must be combined at times with nephrostomy, plastic operations on the sacs.
ureteral splintage and even nephropexy in some cases, but it preserves even if
it does not rejuvenate a partially damaged kidney.
The first sympathectomy in this series was carried out in 1933 by the late
Professor Fullerton, to whom genito-urinary surgery owes so much. This
appears to have been the only case in which he applied it to the treatment of
hydronephrosis, although from personal knowledge I know he had used it success-
fully on several occasions for renal pain.
My own experience is limited to six personal cases, also one in conjunction
with Mr. Stevenson and one with Mr. Purce (the latter not in this series). These
cases, dating as they do only from 1935, are too few and too recent to justify
definite conclusions, and I hope in a later communication to give a detailed account
of them., They were all relieved of pain.
I have followed up one of my earliest cases by doing pyelograms at intervals,
and there has been a slow but steady diminution in the dilatation of pelvis and
calyces, as well as relief from pain. Since then I have had to perform a partial
gastrectomy for gastric ulcer on this patient, but despite this her progress has
been uninterrupted.
The operation has technical difficulties as regards adequate exposure of the
pedicle, and sometimes bleeding from lateral branches and from veins is difficult
to control. In one case I believe that I included the main artery in the ligature
209when bleeding was formidable, as subsequent uroselectan pyelograms failed to
show any filling on this side. This accident should not occur, but as nephrectomy
hitherto would have been the recognised procedure, is but a return to radical
surgery, and of course the patient is permanently relieved from symptoms.
In conclusion, it can be said that conservative surgery has now an established
place in the treatment of hydronephrosis. As elsewhere, it must be used in
early stages if the maximum benefit is to ensue, advanced cases and infected
cases will still require nephrectomy, and failures may be expected from time to
time. It is essential that the pathological factors be carefully identified in each
case, and in those suitable, adequate denervation must be carried out and if
necessary supplemented by the additional measures referred to.
I am deeply indebted to Dr. Muriel Frazer for her valuable help in collecting
the case records and to the members of the surgical staff of the Royal Victoria
Hospital for prermission to use them.
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REVIEW
ELEMENTARY GENETICS (Catechism Series). By Hans Gruneberg,
Ph.D.(Bonn), M.D.(Berlin). Edinburgh: E. & S. Livingstone, 1937. pp. 87.
Price Is. 6d. net.
The recommendation of the General Medical Council that Genetics should be included in the
medical curriculum has prompted Messrs. Livingstone to issue, as part of their well-known
Catechism series, a part devoted to this subject, specially compiled for medical students. It is
written by Dr. Hans Gruineberg, of University College, London, and the accuracy of the
teaching cannot be questioned. It begins with the usual plant experiments, and gradually
passes from these relatively simple experiments through more complex mouse experiments to
deductions and histories of human genetics. All the sections are clearly written, and examples
are given in such a way that even the dullest student could not fail to grasp the principles
involved.
Although the subject does not lend itself to a simple question and a simple answer manner
of writing, this general plan is retained, but the answers are somewhat longer than in the other
members of the series. This, however, in the opinion of the writer of this short review, rather
adds to the value of the work, as it allows for greater clearness in the reasoning of the
answers given. In the medical student's already overloaded curriculum, this small volume
should receive a hearty welcome, and have the large circulation which it deserves.
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